Dysesthesia, a spontaneously occurring unpleasant sensation such as numbness, tingling and tightness in the lower extremities and lumbar region, is one of the symptoms of patients with myelo-optico-neuropathy (SMON) remaining for a long period after onset and is now becoming a barrier for rehabilitative process (Sobue 1979) .
Dysesthesia is a subjective, intrapersonal and uncommunicable experience, and often patients' description is the sole guide to its character and severity. To analyze quantitatively the severity or grade of dysesthesia in SMON patients, self-rating methods were applied (Iida and Sobue 1982; Iida and Ando 1983) . However, physiological measures are more reliable and natural for the assessment of pain response in clinical practice (Sternbach 1968 Watanabe et al. 1983) .
Another aspect of dysesthesia is the change in overt behaviors, which would be objectively examined by some measures. For instance, pain is acting as a stressor and induces arousal state in the central nervous system which is reflected in the level of task performance such as the reaction time (RT) (Welford 1980) . Moreover, there is a good deal of empirical support for the relation between level of physiological arousal and behavioral intensity (cf. Andreassi 1980) . Recent studies have shown that changes of the proprioceptive input lead to shift of arousal and thus to variation of RT (Maria 1970; Nakamura 1983) . The difference of RTs between two postures is definitely related to one's RT, so that it is possible to compare the arousing effect of postural changes among subjects using the ratio of RTs between two postures as a variable (Nakamura et al. 1979; Taniguchi et al. 1980) . If physical stimuli such as muscle stretch cause dysesthesia or paresthesia, they should be accompanied with abnormally high arousal response. Then, SMON patients with dysesthesia would demonstrate abnormal ratio of RTs between the two postures, compared to normal subjects or patients without dysesthesia. In this study we attempted to measure the shift of arousal level induced by facilitating positions of proprioceptive neuromuscular facilitation (PNF), one method of physical therapy (Nakamura 1983) , in patients with SMON using RT experiment and to test the hypothesis proposed above.
METHODS
The experiments were performed on 10 normal subjects aged from 26 to 46 years and 10 SMON patients whose clinical findings are shown in Table 1 . Most of the patients had disturbance of the tactile and/or the position sense in the distal part of lower extremities. However, their position sense in the shoulder and hip joint was normal. The methods of RT measurement were already reported in details (Nakamura 1983) . In short, the subject sat on a chair wearing earphones equipped with a unidirectional microphone and responded, TABLE 1. Clinical findings and RTs of 10 SMON patients saying `pa', to a sound stimulus presented 2 sec after a warning signal in the following three positions : 1) neutral or conventional position (N), the arm alongside of the trunk, the elbow flexed 90°, the shoulder in `anatomical' reference position, and the foot free from floor contact, the knee and the hip flexed at 90° ; 2) facilitating position of the arm (FA), the left arm being passively supported so as to make the shoulder abduction 135°, horizontal adduction 45° and internal rotation 30° ; and 3) facilitating position of the leg (FL), the left hip being passively placed and maintained at 30° internal rotation. The latency from the stimulus onset to the vocal response, RT, was measured on a memoscope (ATAC-350, Nihon Koden) with msec scale. Before the experimental run several practice trials were administered to make the subject familiar to the procedure. The intertrial intervals were from 10 to 20 sec. The subject performed five trials successively in each position. The order of the positions was randomly assigned among the subjects. Four blocks of the same sequence were repeated and 20 trials of each position were used for statistical analysis. Table 2 gives the means and S.Ds. of RTs in the normal and the SMON group for the three positions. The respective differences of RTs between both groups were statistically significant in each position (p <0.01). RTs of the normal group were faster than RTs of the SMON.
RESULTS
Means of RT difference between N and FA, subtracting RT of FA from RT of N, were 5.7± 4.9 msec in the normal group and 5.7±5.1 msec in the SMON with statistical significance (p <0.01 in both), while those between N and FL were 5.5 + 4.0 msec in the normal and 5.5 + 4.2 msec in the SMON and were statistical by significant (p <0.01 in both). Compared to N, RTs of FA and FL were definitely short in both the group. Table 3 shows the correlation matrix of clinical findings and the ratio of RTs between the two positions, FA/N and FL/N. There was a significant negative correlation between the degree of patellar tendon reflex (PTR) and disturbances of the tactile sense and were the respective significant positive correlations between disturbances of the tactile sense and those of the position sense and between the degree of dysesthesia and FL/N. The severer the disturbance of the tactile sense, the less PTR response. Also, PTR response tended to correlate with disturbance of the position sense, although the correlation coefficient did not reach at 0.05 level of statistical significance. Disturbances of the tactile and the position sense were positively correlated with each other. The degree of dysesth- esia was positively related to FL/N. Table 4 shows FA/N and FL/N values in the two groups and in the SMON group divided into two classes by the criteria of the presence or absence of dysesthesia. The ratio in the SMON did not differ from that in the normal group except FL/N of the patients with dysesthesia which was significantly small (p < 0.01). The facilitating position of the leg induced faster RT in SMON patients with dysesthesia of the lower extremities than in normal subjects and patients without dysesthesia.
DISCUSSION
Compared to RTs of the normal subjects, RTs of the SMON patients were long. This may be due to the differences in ages and experience to RT tasks between the two groups, since the ages of the patients were older than those of the control subjects and also the former was unfamiliar to the experimental task whereas the latter was rather well accustomed. The negative correlation between the grade of PTR and sensory disturbances of both the tactile and the position sense in the distal part of lower extremities would be attributed to peripheral neuropathy of SMON.
The degree of RT shortening at facilitating positions compared to N position FA /N and FL /N values is dependent upon the subject's RT, i.e., the longer one's RT is, the greater the difference of RTs between the two positions. However, the ratio of RTs between the two positions is constant in normal subjects so that the smaller ratio corresponds to the larger effect of facilitating positions on behavioral alertness or arousal in each subject (Nakamura et al. 1979 ; Taniguchi et al. 1980 ). Thus, the main findings in this study were that the effect of the facilitating positions on the shortening of RTs was similar in both the normal and the SMON group when applied to the upper extremity but was different when applied to the lower extremity ; the patients without dysesthesia performed so well as the normal subjects and the patients with dysesthesia showed a large amount of RT shortening. These results indicate that the same physical stimulus, i.e., proprioceptive stimulation, applied on the body part for one, induced more arousal with dysesthesia than without dysesthesia. Dysesthesia and paresthesia are sensory irritative symptoms, and make the patient feeling hurt and thus raising his level of arousal. In other words, even when mild stimuli are applied on the body part with dysesthesia, they easily trigger an arousal response. The SMON patients examined in this study had normal position sense of the hip joint so that the peripheral neural pathway to convey proprioception of the proximal part of lower extremity would be well preserved, regardless of the presence of dysesthesia. Moreover, no patients had complained of discomfort, when their lower extremity was kept at the facilitating position. The muscle stretch utilized was not a cause of pain sensation. Nevertheless, the proprioceptive input arising from the proximal part of lower extremity induced abnormally high level of arousal in the patients with dysesthesia. It is reasonable to expect that pathophysiological processes of this phenomenon are taking place not in the peripheral but in the central nervous system. Neuropathological studies of SMON have suggested a possibility that there is a regenerating process of axon collaterals in the Goll's tract during longstanding clinical courses (Shiraki 1975 (Shiraki , 1979 . Early researches of SMON reported that the majority of SMON patients showed severe and moderate histological changes in the Goll's tract and most of them had severe sensory disturbance (Egashira 1975) . Clinically the dorsal funiculi of the spinal cord are one of the main tract for transmission of the proprioception.
The degenerative and regenerating processes of the Goll's tract are highly plausible mechanisms for transmission of abnormal proprioceptive impulses resulting in high level of arousal at the facilitating position.
Also the results would be of some value to discuss about objective methods to examine the presence of dysesthesia in SMON patients. There are at least three types of arousal responses -autonomic, electrocortical, and behavioral -each functionally and anatomically separable (cf. Izard 1977) . In the present study the behavioral response was used as an index for the assessment of arousal induced by postural changes. Recent studies in our laboratory clearly demonstrated the presence of EEG arousal response at facilitating positions compared to N position, using EEG topogram and EEG frequency analysis (Chida and Nakamura 1984) . Preliminary study on SMON patients showed that high level of EEG arousal was noticed in patients with dysesthesia when their lower extremity was kept at the facilitating position (Nakamura et al. 1984) . Since the occurrence of high level of arousal at the facilitating position of the body part with dysesthesia was both behaviorally and electrophysiologically proved, these two methods, RT study and EEG topogram or EEG frequency analysis, would be interchangeably applicable to assess the grade of dysesthesia in SMON patients.
